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Itarch of the Soviet and Eastern European literature
OIl this subject alone, a total of about 100 publica
tions authored by 15 researc:her~ was fou~d and this
'cure is probably a consetv:ltlve reflectIon of the
anilable works which are estimated to be several
hundred.

In an attempt to summarize the prolific Soviet
and [astern European work on clinical and hygienic
aspectS of exposure to microwaves, it became appar
ent that a number of human systems and functions
had been documented to be affected by this factor
(Table 1). By far the most frequently and repeatedly
reported human responses to microwaves involve the

:'cencral nervous system. These responses have been
noted for a wide range of frequencies (--30-300.000

.MHz) at both thermogenic (>10 mW/cm2) and
:lOnthermogenic (microwatts to milliwatts/cm2) in-
tensities. ,
: An often disappointing facet of the Soviet and
'East European literature on the subject of clinical
manifestations of microwave exposure is the lack of
pertinent data on the circumstances of irradiation;
frequency, effective area of irradiation. orientation
or the body with respect to the source. waveform
~tinuous or pulsed, modulation factors) exposure
echedule and duration, natural shielding factors, and
a "hole plethora of important environmental factors
(heat~ humidity, light. etc.) In addition. the physio
Ioaic:al and psychological status of human subjects
.uth as health. previous or concomitant medication,
and mental status is also more often than not omit
'ted. These variables, both' individually and com
llined, affect the human response to microwave

,radiation. Despite these omissions. however. the re
. viewer cannot help but be impressed both by the
COnsistency of the findings and the large size of
Soviet and East European clinical and hygienic sur
,veys which have involved literally thousands of
'people Over the past 20 or more years,

CLINICAL MANIFESTATIONS OF EXPOSURE
TO RADIOFREQUENCY. FIELDS i'

Cta/ral Clinical SyndromtJ

: Many Soviet clinical workers have attempted to .
catcgorize the chronological stages of human re-'
'POnses to microwaves. Panov et al. (12) proposed
~ree tategories or stages of responses to microwaves
, able 2). These were listed as the asthenic

arac:terized b fatigue, de ression. and·
!.!!tmber of other changes. his rst stage is not

TABLE I
1«11 0/ ,lmrowupltit r_iMiAtt& ... 141 ••_ orc...irwa

I. Central Nervous Syscem
II. Autonomic Nervous System

III. Neurohumoral Systems
IV, Endocrine Glands and FunctiolU
V. Eye and Oaalar Functions

VI. Blood and Hematopoiecic Sy.tem.
VII. Mi.cellaneous Orcan.

marked by sev(re episodes such as fainting or drama
tic chances in pulse or blood pressure and the sub
ject responds to outpatient treatment. The second
category is called the "syndrome of autonomic and
vascular dystonia". The essential feature of thiS]
stage is pulse lability (brady- and tachycardia). blood
pressure lability (hypo- or hypertcnsion), EKG
changes, and general neurocirc:ulatory anhenia. Se
vere episodes such as fainting spells may occur and
the subject require; hospitalization of unspecified
nature or duration. The third stage is referred to as
the diencephalic syndrome in which visce.ral dys-/"
functions and crises are observed. Typical episodes
during this stage are listed as uapathic ambulic"
disorders, hypersomnia, hypokinesis. hypothalamo-.,./
pituitary-suprarenal weakness. and inhibition of-
sexual and digestive reflexes. Panov claims that these V
changes are not always reversible and that subjects
require hospitalization. It should be noted that
Panov did not specify the nature or duration of out
patient or hospital treatment, nor did he relate these
symptoms to specific irradiation parameters.

G~n"1J1 S'IlbjtCt£flt Coml'la£1Iu (l1ldi,.~ct EffldJ on t/ae
CNS)

A large number of East European an~ ~pesially

Soviet clinical and hygienic workers (13-\2) have
consistently and repeatedly documented an aston
ishing number of subjective complaints which arc
usually referred to as evidence of the direct or in
direct dfect of microwaves on the central nervous
system (Table 3). These responses have been re
ported for a wide range of wavelengths (30-300,000
MHz) and field intensities (microwatts to sever:al
milliwatts/crn2). Unfortunately, it is often difficult
to attach any significance to Soviet clinical findings
in the absence of pertinent data on exposures and on
patient backgrounds. Typical, for instance, was a
survey conducted by Sadchikova (21) in which
three groups of occupational personnel (technicians.
assemblers, and maintenance workers around centi-
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TABLE 2
Sot/in tlGJlificlUiOfl 01 'tfW',u tI;lIit,u rywJ'O""1I 01 t:t,Ollm ;0

tltt,rowupt,it rtuli.,i01l EMr J

A. The Atehcnic Syndrome (revetlible; outpatient treatment)
1. (atipbility and emotional chanles
2. acrocyaftOti.
3. incrcucd pttlpitation o( extrmlities
•. increa.ed pilomotor reflex
S. dcrmoaraphism
6. pulse lability
7. blood prasure labilit)·

B. Autonomic Cystonia (revetlible; hospitalization)
1. hyper- or hypotension
2. bradycardia and tachycardia
3. chanaes in EKG silns
•. (ainlinlspells

C. DienCC1lhalic Syndrome (usually rcvenible; hospitalization)
1. insomnia
2. adynamia
J. hypothalamo--pituitary-tuprarenal inhibition
•. inhibition of Itxual (unction and diaestive reBexes

meter wave generators) were exposed to: (1) periodic
intense radiation (3-4 mW/ernS); (2) moderate radia
tion (tenths of mW/cmS); and (3) weak radiation
(hundredths-tenths of mW/ern'). As can be seen, in
Table 4, the group exposed to the weakest radiation
was shown to display~he highest incidence of com
plaints. This finding and lack of peninent exposure
data such as duration and affeCted body area make
these data difficult to accept on face value. On the

J other hand, Edelwejn (14) has conducted interesting
and comprehensive neurological examinations and
interviews of Polish personnel exposed for up to six
hours/day to microwave field intensities of 10 micre>
watts to several milliwatts/cm'. He found that many
of the subjective complaints Jisted in Table 3 (head
aches, dizzy spe))s, fatigue, perspiration, etc.) de
pended upon the length of employment and degree of
exposure. Only subjects exposed to high (mW/cmS)

intensities exhibited EEG changes. Ede1wejn was of
the opinion that there is a dramatic response to
microwave exposure occurring during the first three
years which are accompanied by neurotic symptoms.
This three year period is followed by a phase of
gradual adaptation. The reappearance of neurologic
symptoms occurs after a long period (many years)
of exposure to microwaves, even after adaptation
has occurred.

Osipov (1965) (20) in a review tlf neurologic re
sponses to tnicrowave exposure concluded that most
subjective symptoms were reversible and that pathe>-

1000cal damage to neural structures was insignificant.
Only rarely ....-ere microwaves found to cause hallu
cinations, syncope, adynamia and other manifesta
tions of the s<>-called "diencephalic" syndrome.

Soviet workers have also documented subjective
complaints identical to those in Table 3 as a result
of exposure to electric and mainetic fields. Vyalov
et al. (23) reported characteristic microwave symp
~ms such as headache, fatilue etc., in workers ex
posed to 150-1500 oersted magnetic fields. Asanova
(24) reported analagous findings for workers ex
posed to 115-125 microampere fields around hydro
electric stations.

Fllnctional Chanfu in tlef CNS

Many Soviet and Eastern European workers have
attempted to identify specific CNS funCtional re
sponses to microwave exposure. Molt Soviet workers
are of the opinion that the eNS' is the most sensitive
of all systems to the effects of microwaves, both at
thermogenic and nonthermogenic field intensities.
Based primarily upon experimental research, Pres
man (9) is of the opinion that the hyPothalamus is
the most sensitive CNS structure to microwave
effeCts which would explain, in his view, the high
incidence of blood and humoral changes noted in
human subjects exposed to this factor.

Changes in human CNS function have been evalu
ated on the basis of EEG surveys, reflex tests, and
general neurological examinations (Table 5). These
changes are reported ·for a wide range of frequencies
and field intensities (thermal and nonthermal). How
ever, functional CNS responses appear to be de-

TABLE 3
CNllr41 J-.bjulitI, c_,t.ifllJ rnulli..r. /1'0"" UpoJK"

to IUtlro_r.Mic rtulitUi01l

1. Pain in head and eyes
2. Lacrim:uion
j. Weakness, weariness and diuiness
•. Deprasion, antisocial tendencies, ceneral irriubilit)·
i. Hypochondria, sense of (car, and leneral tension
6. Impairment of mmlory and cenenl mcntal (unction
7. Adynamia and inabilit)· to make decisions
8. Inhibition of .ex life (male)
9. Scalp sensations and loss of hair

10. Chest pain and heart palpitation
II. Dyspepsia, epiClltric pain. and lem of appetite
12. Tremblinc of eyelids, toneue, and lineen

\

13. Asthma
B. Brittle lineemaiis
H. Sensitivity of mechanical stimulation and dermocnpfUslll

--------------------
I
i
i

·1
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-
TABLE 4

CI&tl1Irn ill tltl """VI 17~ til tI ,,,,,It 01 nl1OI.'t to 1I'li"t1fI1tnu

Chances observed (in % of subjects studied)

6 15
37 -
26 52
4 14

Wnit Thyroid
hyperdrosis hypertrophy

19
21
11

16
7

14

Delayed i Slowed
der- Iorthostatic

morcuphism 1__re_lI_e_x_+-
i
. _

I
I
I

Increased!
irriubility Sleepiness

Incrnsed
fuicueHeadache

No.
examinedGroup

-

,,.ndent upon wavelength; direct effects on the brain
were reported by Gordon (1964) (25) and Presman

'(9) to intensify with increase in wavelength. How
~e.rer, when reactions are due to a combination of
peripheral and direct stimulation, it is impossible to
correlate response with wavelength.

A number of workers have reported changes in
EEG patterns as a result of exposure to microwaves.
Klimlc.ova-Deutschova (26), a Czechoslovakian re
lurcher, reported that both clinical and EEG find
iDes sugcested a predominance of an inhibition

.prncess. EEG's showed a predominance of sleep
rhythms. In this connection, the interesting (if
rather curious) work of Ivanov-Muromskiy (27), a
~viet expert on electrosleep and electroanesthesia

TABLE 5
F...~li01l.I eNS CUflClI1'uultiwc I~fft tIf1OJ.,t

to tlttlroMtlf1lllic ,"i'II;01l

J. Chances in EEG puterns
. a. "asthenic" siens

b. predominance of inhibition procns
c. increased incidence of slow. hich amplitude waves
d. decreased incidence of alpha rhythms ,nd wIVes
c. predominance of "sleep" rhythm.

1. PerceptuaI chanCcs
a. hallucinuions (visual)
b. decrease in oculu blind Spot area
c. shorteninc of optic chronaxie and reduction of rheobase.
d. auditOr)' sensitivity chances .,
c. decreased olfactory sensitivity
r. increased olfactory activity

3 I. parapsycholoCic phenomena
• AlternuincafOUsal and drowsiness

.. Stimulation of motor functions
5. Depression of menul functions
,. Involuntary ~otor reactions

--------------------

deserves comment. His research on human subjects
suggested that pulsed (10-1000 Hz) UHF fields of
nonthermal intensity directed from bitemporal elec
trodes a few inches from the subject's head could
induce inhibition similar to that produced by pulsed
electrical currents (electrosleep). Unfortunately, this
reseuch was not described in detail by Ivanov
Muromskiy.

Drogichina (13) reported that eNS damage is vi
characteri~ed by the "aSthenic syndrome" which
can be detected from EEG and neurological findings .
Presman (9), in reviewing Soviet, Czechoslovakian,

-and Polish work, reports that the EEG's of sub
jects exposed to weak (nonthermal) microwave field
intensities show an increased incidence of slow,
high amplitude waves. In Poland, Edelwejn and
Baranski (14) reported a decreased incidence of
alpha rhythms and a decreased percentage of alpha
waves in subjects exposed to "high" (mWfcm!) in
tensities of microwave fields. All subjects examined
in this study over-reacted to the administration of
cardio~ol, a respiratory and cardiac stimulant. In
general, because of the rather primitive sute-of-the
an: of EEG analysis, these findings should be viewed
with extreme caution.

Perceptual changes as a result of exposure to mi
crowaves have also been frequently reported.
Livshits (28) reported that "high intensity" micro
waves had been found by Soviet workers to cause·
hallucinations. He also reported that high frequency,

high intensity fields had been demonstrated to cause
• involuntary motor reactions in .one healthy in

dividual. Matuzov (29) noted visual perception
changes after a 10 minute exposure to 10 cm micro
waves of nonthermal (Ll mW/Ctfl2) intensity. He
found :I considerable decrease in blind SpOt area,



144 BIOLOGICAL EFFECTS AND HEAL"fH IMPLICATIONS OF MICROWAVE RADIAnON

TABLE 6
A'd"_ic OM corii"'olNuar I/ttll of tlmro1ftCiptlic r.JialiOft-

1. Chanaes in cardiac function ([KG)
a. decteated .pike amplitude
b. lenathened ORS interval
c. ,Iowtd auricular and ventricular conductivity

2. Bradycardia and tachycardia
3. H)'1lCr. and hypotention
•. Increased precapillary resinance
5. Incrclled va.cular elasticity

shortening of optic chronaxie, and reduction of
~ rheobase in two subjects. These effects were judged

to be nonthermal (specific) and were found to be
reversible. SheyveJchman (30) noted changes in
auditory sensitivity (5-10 dB) in response to 6 meter
waves pulse modulated at 300, 1000, or 4000 Hz
applied for five minutes to the heads of human sub
jects. He did not clarify whether sensitivity was in
creased or decreased. Lobanova and Gordon (31)
noted a decrease in olfaeeory sensitivity after expo
sure to microwaves and suuested that this response
might be a good index for identifying harmful micro
wave effeees. These authors also found an increase
in ~lfaeeory excitability (decreased threshold) after
a single dose of caffeine. This was suggested as evi-

..1dence of funeeional olfactory changes caused by mi
crowaves.

In the realm of parapsychology, it is interesting to
note that leading Soviet researchers who strongly be
lieve in the nonthermal CNS effects of microwaves
are involved in the electromagnetic (centimeter
wave) theory of extrasensory perception (3). This
work, initiated in 1966, is being condueeed for a
special Bioinformation Section of the Scientific and
Technical Society of Radiotec:hnology in Moscow.
The results of Soviet ESP research have thus far
been interesting but statistically inconclusive.

Both the stimulatory and inhibitory effects of
microwaves on CNS function have been frequently
documented by Soviet workers. Subbota (32) re
ported alternating arousal and drowsiness in re
sponse to microwaves in working with dogs. As men
tioned earlier, the Soviet electrosleep expert, 1vanov
Muromskiy (27) concluded from his studies of human
subjects that pulsed UHF fields could be used as a
fonn of contactless electrosleep which he calls "radio
sleep". Depression of menul function, inability to

~ concentrate, and general sluggishness is frequently
documented by Soviet and Eastern European re-

searchers as a subjective response to microwave ex.
posure.

.A,dOflO1rli( alld Ctmlioflaulllar Ru,oftJtJ

Reports of human autonomic and cardiovascular
responses to microwaves are nearly as numerous as
those documentine CNS responses to this factor
(Table 6). Responses are noted for a wide ranee of
f~quencies at thermal and nonthermal field intensi.
ties and during acute and chronic exposure. De.
creased EKG spike amplitudes have been noted by
Drogichina (33) in subjects working around radio
frequency fields. Sadchikova (34) reported on vari
ous cardiovascular shifts in workers exposed to dif. v
ferent field intensities (Table 7). Figar (IS) and
Smurova (3S) have noted decreased coronary Con
ductivity, sinusoidal arrychmia, brady- and tachy.
cardia, and oscillating hypo- and hypertension.
Monayenkova et al. (36) studied minute blood
volume, peripheral resistance, average arterial pres
sure, and smooth musde tonus using a mechano
cardiograph. She found that a tendency toward
hypertension, increased elasticity of myogenous ves- v'

sels, increased precapillary resistaJ1cc, sinus brady
cardia, and changes in incracardiac conductivity were
more often noted in exposed thaD in unexposed suo..
jeees. All of these changes were found to be reversible
with one or two questionable exceptions.

There is some evidence that certain enzymes im
plicated in CNS function might be affeeeed by ex
posure to microwaves (Table 8). Revuts'kyy et al.
(37) found a change in the specific cholinesterase
activity of erychroc)'tes in human whole blood with
13,56 and 23.75 MHz microwaves. The 13.56 MHI
radiation was found to decrease blood histamine
content while not altering cholinesterase activity.
The 23.75 MHz radiation did not change blood..
histamine content but increased cholinesterati.
activity. Bartonic:ek et al. (38) surveyed the blood:
biochemistry of workers exposed to centimeter waves. ;
Of a total of 27 blood sugar curves, 7 were flat, 7J

were prediabetic, and four indicated slight glycosuria.;
The distribution of pyruvic and laeeic acid and~
creatinine are shown in Table 9. Lactic acid 'ff'I:
found to be decreased 2.5 times more than it "...
found to be i~creased. Roughly 7.5% of the subj~

~xposed to microwaves and exammed by BartO~;

were reported to have prediabetic blood sugarcu~ i
These metabolic shifts were attributed to autonOll'C!;
dysregulation, possibly indicative to d~nceph~'
lesions resulting from early exposure to centi~
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T..\8LE 7

CtlrJWNJtMltl, clttl"tu i" I"'iml 11f1'ttJ 10 Ilm~tlP#fic ,.Ji.,ioft (S.JtI&ilttlfltl, 1964)

Eltpolu r~1control rnio

Ranee Ficld intclllity hypcrtonia bradycardia

SHF l ..n·eral mW/eml 1.8S 2t.O
I mW/cm

'
2.0 16.0

UHF nonthcrma1 1.2 8.0
LF tcns to hundr~ds VIM 9.21 12.0

hundred, to 1000 VIM 1.2 S.O

Percent ineidcncc in controls 14% 3%

inctease o(
QRS int,"al
(up to 0.1 ICC)

11.5
12.';

21.0

O(ular RuponuJ

: Changes in human ocular function and eye pathol.
ogy are widely documented and occur primarily

I. Alcered eholincsteraae activity in human whole blood (~rythro-
cYtes)

2. Decrease in blood histamine eonc~nc
J. 111ereascin blood protcin'
4. Alc~red earbonydratc m~taboli,m
5. Chanc~s in blood ,ucu, cholesterol, and lipids (pronounc~d in

dia b~tics) .
6. D~cru,~d hcmoc1obin

----------------------

TABLE 8 .
'V'.,oltwm.o,tI/ "11011111 10 ,.Jio/"qVo',"'1 ,1'CI'1mI4rU1ic ,tlJi~!io1\-

waves. Gel'fon and Sadchiltova (39) noted increased platelet count. Lysina (i3) noted basophilic granular-
blood globulins in 50% of a group exposed to micro- ity of erythrocytes and was of the opinion that this
waves which indicated a shift in the albuminglobu- index should be taken as an initial sign of microwave
lin coefficient. Haski (40) noted slight changes in the dfects on the human organism. Presman et al. (44)
levels of blood sugar, cholesterol, and lipids of v"'found that the osmotic resistance of erythrocytes
-healthy subjects exposed to ornicrowaves. However. . was negatively aKecced by microwaves. Smurova
there was a pronounced decrease in all three cate· (22) and others found that the shape and volume of
aories wha\ diabetics were exposed. erythrocytes changes as a result of exposure to mi·

N .. tl B' h . I R crowave fields. Prolonged exposure was occasionally
t1ftczto,cnfilc CZ1& 10' tml'CZ tSP°1l.JU noted to result in hemolytic processes. An increase in
Numerous human hematopoietic changes 'have the RNA level of lymphocytes was also noted by .,/"

~n reponed to result from exposure to microwave Smurova in workers chronically exposed to micro-
kids (Table 10). The severity of these changes waves; this finding corresponded to a concomitant
pnCe from minimal to significant. Sokolov (41) increase in monocytes (young cells) which contain

JftOted reticulocytosis in radar workers. Baranski the greatest quantity RNA. Baranski (42) detected
. (42) observed that a small drop in erythrocytes oc- ./~arious leukocyte shifts in workers exposed for one

curs in all people exposed to microwaves and that year to microwaves. Normalization of this index was
the phenomenon is related to the duration and found to occur after prolonged exposure to this fac-
~'nrity of exposure. About 50% of the subjects ex- tor. He also found a tendency towards lymphocytosis
;amined by Baranski showed a moderate decrease in with accompanying eosinophilia in subjects exposed /

for more than five years to low and moderate micro
wave intensities.

Soviet workers have also found biochemical
changes to occur in other sites (8). A drop in RNA ,,/'
content was noted in the spleen, liver. and brain in

. animals chronically exposed to microwaves while
DNA content was found to remain constant.
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TABLE 9
DiJlribvlioll 0/ nrnit II"'; llltlit IIti; II"'; trta;",;"" tztrtli.lIl ill _IrtrI t"1OIl; 10 ff1itrOWftn

Pyruvic acid I Lactic acid I Creatinine

~

number 'ro. number % number %

No. or measurements .fa 100.0 3S 100.0 34 100.0
I

Normal 28 70.0 14 .fa.0 14 41.2
Increased 4 10.0 6 17.2 6 17.6
Lowered 8 20.0 15 42.8 14 41.2

Avcfaces 0.77 mC% 14mc" 1.33 mc%
Controls 0.65 mc% 17 mc% 1.30mc%

Established standard 0.5-1.0 10-20 1.2-1.9

after aCute or chronic exposure to thermogenic mi
crowave intensities (fable 11). As mentioned earlier,
one Soviet worker (28) has reponed that exposure to
intense microwave fields was noted to cause hallu
cinations. Matuzov (29) found the area of the blind
spot to decrease after exposure to nonthermogenic
(10 cm; 1.1 mWfcm') microwave field intensities.
Other Soviet workers, as reponed by Marha (8),
have found that microwave radiation (a few mWI
cm2) can cause a decrease in sensitivity to color
(blue) and difficulty in detecting white objects.

.IChanges in intraocular pressure have also been nOted
by Soviet workers as have altered sensitivity to light
stimuli during exposure to pulsed and nonpulsed
fields. General ocular pain, eye strain and fatigue,
eyelid tremor, and lacrimation are also common
symptoms noted by Soviet workers.

Pathological changes in the eye (cataracts) occur
primarily as a result of exposure to thermogenic
(greater than 10 mWIcm') microwave intensities.
Sadchikova (45) and other Soviet workers (6) have
noted unilateral.and bilateral cauract5 to occur in
subjects exposed to several mW/cm' field intensities.
Presman (44) noted a drop in vitamin C content ina/"
the lens and anterior chamber fluid at nonthermo
genic intensities. In the eVent of acute cataract de
velopment a decrease in ATP and pyrophosphatase
activity of the lens was nOted. In addition, it is sus
pected that damage to tissue respiration and oxida-

tion mechanisms as a result of exposure to micro
waves can lead to cataract formation.

There is some evidence that ocular responses to
microwaves are frequency dependent. Pol (~) noted
that 10 GHz fields caused anterior lens opacity while
2.45 GHz cause posterior opacity.

Belova (41) noted that in 370 microwave ienerator
workers exposed to mWfcm2, lacrimation, ocular

....fuigue, and frequent conjunctival irritation would
occur at the end of each working day. Zydecki (48)
suggested that all candidates for occupation around
microwave sources receive comprehensive ophthal
mological examinations. This suggens that certa~
ophthalomological profiles might be more vulneraldf
to microwave radiation than others.

TABLE 10

Hrmaopoirlit 411; biotMmic.u rupollU: 10 t'rClrOfNJpIf~ r~
---------------------:

I. Blood
a. reticulocytosis
b. basophilic Iranularitr of ef)·throcytes
c. decrease in erythrocytes, plateleu and hcmoc1oiia

d. altered osmotic resistance of erythrOC)·tcs
e. neutrophilic leul:ocytosis
f. lymphocytosis, monocytosis, and eosinophilia
I. increased RNA in IrmphOC)"tes

2. Orlans
a. Decre2led RNA content in brain, liver, and Il'kd.:

---------------------
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~ftt RtS,01LStI

-Damar to sex clands and functions have fre-
. ely been documented to occur after chronic ex

....Cl co primarily thermal microwave fields {Tablet'Marha (8) in reviewinc Soviet and East Euro
~ findinas noted decreased spermatoaenesls, ai
__ sex ratio of births, changes in menstruation,
_,.led fetal development, c~n~ntial ~ects in new
.... babies, decreased lactatIon In numng mothers,
.... other related responses to occur as a result of
.,..re to.the~a.l (i.e.,.greater than 10 mW!cm~)

~ve tn~ens1tJes .. MIcrowaves were also l~ph

-...d in an mcrease In the percentage of mlscar
~ in both humans and animals. Some of these

TABLE 11
EfftCU 0/ ,UrtroMopnit ~.ciotitn& Oft tAt ", /

"J'emptual and function chances
.... hanueinaaons

~. dt<fUse in me of blind spot
Co d«mscd sCftlia~ty to color (blue)
.. dilicultY in detaon of white ob;CCU
t. decreased smtitiYity to li,ht stimuli in dark adapeed eye
(. chance in intraocular pressure
.. lacrimaaon, ocular faricue, and ocular pain

~ .. uemblinc of the eyelids
'.~i.' ilcmd tissue l'CI9iration and oxiduion-redumon processcs

.1 Pacholocical chanlCl
'... lens coaptation (cacaraeu)

~. decrease in vitamin C concene of lens and vitreous humor
• Co "cerease in ATP and pyrophosphinacase acti,;tY
d. anterior and poIterior lens opacity
t. conjunctiva I irriucion

indings reported by Marha are consistent with sub
jettive complaints reported by Soviet researchers
IUch as decreased sex activity, mentioned earlier.
Specific genetic changes resulting from exposure to
either thermal or nonthermal microwave fields have
Jet to be demonstrated. ,/

: Soviet sources have reported pituitary and Other
;tttdoc:rine responses to microwave exposure. Kolesnik
(49) suggeSted that pituitary-hypophyseal-adrenal
tbanges were primarily due to eNS influences on the
hYJIOphysis after exposure to microwaves. Drogi
china (33, SO), Sadchikova (21, 34), and Smirnova
~Sl) have reported thyroid gland enlargement and
Increased iodine-l31 uptake. These changes suggest
In increase in thyroid stimulating hormone (6).
~asik (40) and Presman (44) noted increased activity
o the adrenal cortex to occur after microwave ex-

TABLE 12/"
EttJotri", rl11"UI f{J r"./rIfWfWl r..iMw..1

1. Sex otplls and oncocenesis
a. «hermal trauma <u.ue damap) Co male reprodumve tissucs

~. decreued spcrma~Clis(sterility)
c. altered te. raao of binhs (more ,iris)
d. altered lMftSttUalam,;tY
e. alcercel fecal development
f. demued lacca«ioft in nursin, mothers

2. Endocrine pand•
I. altercel piwiury and pituiury-hypophyseal function (CNS)
b. ltypcnhyrvidiJm
c. thyroid enJarpmcnt
d. incrcuecl iocline-131 upuke
e. increucd Hftftal conu amvitY
f. dcereasecl coni-ecrcMcls in blood
•. decreued a'ucoconicoidal activity

posure. Murashov (52) studied 20 subjects occupa
tionally exposed to UHF fields. He noted a reduction
in plasma corticosteroid content which was attrib
uted to lo~red adrenal, or possibly sex gland andro
genic activity.

MisuJJtmtOfU Rup0'fUtJ

Loshak (53) reported that various human re
sponses, such as subjective complaints as a result of
chronic mlcrowave exposure, appeared to vary
slightly with climate (Table 13). In general, re
sponses to microwave fields were more pronounced
in hot, dry climates. It was found that the electrical
resistance of the skin of exposed workers was lower
than in unexposed workers in a hot climate. De
creased resistance was attributed 'both to eNS stim
ulation or increased sympathetic tonus due to skin
receptor reactions. These findings, while not drama
tic, led Loshak to speculate that special hygienic
considerations for workers exposed to microwaves in
a hot c:limate should be exercised (improved ventila
tion etc.).

TABLE IJ
MU"IJ_KI tfftetl 0" tltClro",ol""i, roJilJJiOfl

I. Climatic eff"ceu
I. rcsponscs to elcctromacneeic radiation mote pronounced in

hoc climue
b. decreased elccerical rcsisunce of skin in hoc climace due to

elcceromacnetic radiation
2. Internal Orcans

a. dyspepsia and epicasrric pain
b. decreased appecite
c. liyer enlarccmene
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CONCLUSIONS

Orlva (54) and others have reported that workers. important to note that the Soviet union has tradi.
exposed to microwaves complain of decreased appe- tionally been more conservative with regard to
tite. dyspepsia, pain in the epigastric region. and many industrial hazards than the U.S.
exhibit enlargement of the liver. Marha (8) in re- Although the majority of Soviet nndines On hUe
viewing Soviet and Czechoslovakian experimental man responses to low intensity microwave fields
work on animals reponed that exposure to micro- . must be regarded with extreme caution because of
waves was noted to cause liver hemorrhaging, hepatic vthe omission of exposure and other peninent dau.
celt degeneration. and decreased filtration or renalv it is sugested that the surprising consistency of this
tubules. Analogous nndings for humans have not larie body of findings merits the critical attention of
been documented. the U.S. scientific community. Of panicular interest

is the relatively recent Eastern European work in this
area. Research conducted 'in these countries, al
though heavily influenced by the Soviet Union in the
early stages, appeus to be of high quality; reSects a
good awareness of both Soviet and Western ap
proaches to the problem of the biological etrects of
microwaves; and suggeSts a trend towards more in
dependent approaches to this problem. The fact that
East European countries such as Czechoslovakia and
Poland have adopted essentially the same maximum
daily permissible dose for human exposure to micro
waves as the Soviet Union is of interest and should
be investigated in more detail. The Czechoslovakian
MPD for microwaves, while admittedly (by Marha)
influenced by the Soviet MPD, was arrived at only
after considerable hygienic and dosimetric survey
work had been conducted in that country. Nonethe
less. it is suggested that until additional research on
this difficult problem has been conducted in this
country. and a more critical analysis of the avaibblc
Soviet and East European findings has been madc. a
judgment of the U.S. 10 mWfcm! MPD is presently
rendered difficult, if not impossible.

The large body of the Soviet and East European

a· d hygienic findings on human responses to
microwave adiation reviewed in this paper suggest

risingly wide variety of neurological ~nd
physiological reactions are to be expected during ex
posure to nonthermal (i.e., less than 10 mWfcm!)
field intensities within an extremely wide range of
frequencies (approximately 30-300,000 MHz). These
reactions, which are generally reversible, are often
documented as a result of human exposure to neld
intensities as low as a few microwattsfcm!. They are
reponed to be primarily etreets upon the nervous·
system and reflect traditionally heavy Soviet empha
sis on the £tnrral nervous mtem. Soviet and East
European findings in this area are therefore in strik
ing contrast to those of the West which have, in the
main, documented non-CNS responses to thermal
(i.e., greater than 10 mW/cm!) intensities. Only in
the realm of human endocrine. visual, and slein re
ceptor responses to thermal m~crowave burdens is
any real substantive agreement between Soviet and
Western findings to be found.

The substantially lower Soviet and East European
daily maximum permissible dose (MPD) value for
human exposure to microwave radiation (0.01 mWf
em! vs 10 mW fem! in the U.S.) appears to be based
upon extensive findings of human subjective and
other CNS-related responses to extremely low mi
crowave field intensities and upon considerable
CNS-oriented research on animals conducted in
those countries. These findings also indicate that
extensive dosimetric surveys around industrial and
military sources of microwave radiation have been
conducted in those countries (see, e.g., the repOrt of
Marha in this collection), although the extent and
nature of Soviet work in this specific area has not
been' well documented. In the general context of
differing U.S. and Soviet MPD's and MPC's, it is
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SCOPE: The environment we live in today i. filled with man-made electro
magnetic fields generated by a variety of lource,. including radio
and TV transmitter. and office vi.ual display terminals. In addition
to thele artificially created electromagnetic fieldl. there also
exi.ts a natural background of electromagnetic fields.

Electromagnetic energy ~y vary greatly in frequency. i.e •• wave
length ranging from low energy, ultra-low frequency to biah energy
cosmic ray.. Tbe bigber energy portion of the electro-maanetic
spectrum is generally referred to as "ionizing radiation'\ and in
cludes cosmie. g~ and x-rays. The lower po~in of tbe .pectrum is
referred to as ~uonionizina radiation" and includes ultraviolet
(alightly ionizing at the higher end). vilible and infrared light.
microwaves. radiowaves and lower frequencies. Because of itl low
energy level•• concern over tbe health effects of nonionizing radia
tion is not as widespread as it ia for ionizing radiation.

The term "electrolNpetic pollution" is often used to de.cribe tbe
recent proliferation of artificial source. of electromaanetic fieldl
in our environment. Sources referred to by this term generally are
exclusive of ultraviolet. vi.ible and infrared light. The electro
magnetic spectrum covered by this guide follows the narrower defini
tion above. namely. nonionizing electromagnetic fields fro. extremely
low frequencies (ELF) to just below infrared.

While an extensive body of scientific and epidemiologic data hal been
accumulated. adverse biological and health effect. of electromalnetic
field•• thus defined, have not conclulively been demonltrated. with
the exception of microwave thermal effects at higher intensities.

The following guide complements two previous guide•• Low-Level 10niz
inl aadiation--Health Effects (TB 80-5) and Microwaves (TB 79-6) and
i. intended to help the interested reader locate materials on the
biological and health effects of electro-magnetic fields in the col
lections of tbe Library of Congres.. Not meant to be a comprehensive
bibliography, it is deligned--as the name of the series implies--to
put the reader lion target."
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Science, Wachtberg-Werthoven. Federal Republic of Germany."

Symposium on Electromagnetic Fields in Biological Systems, Ottawa,
ODt., 1978. Syapoaium ou Electromagnetic Fields in Bioloaical
Systems: proceedings of a symposium held in Ottawa, Canada, June
27-30, 1978. Edited by Stanislaw S. Stuchly. Sponsored by the
International Microwave Power Institute (IMPI) and tbe IEEE-Micro
wave Theory and Techniques Society, with the cooperation of the
U.S. National Committee for the Iuternational Union of Radio Science
and Canadian Commission A of URSIe Edmonton, Alta., Inter-
national Microwave Power Institute, c1979. 323 p.

Includes bibliographies. QP82.2.E43S95 1978

In many cases. conference proceedings or abstracts are published in jour
nals. They can be identified through the abstracting and indexing publi
cations listed in the ABSTRACTING AND INDEXING SERVICES section of this
guide or through more specialized indexes to conference proceedings, such
as Conference Papers Index (Z7403.C84*) or Index to Scientific &Technical
Proceedings (Z7403.14*). Some examples of conference material published
in journals are given below.

Papers from the Symposium on Mechanism. of Bioelectrical Growth and Re
pair, appear in Journal of Bioelectricity, v. 3. no. 1/2, 1984:.
3-101. QP341.J66

Translated abstracts of papers from the All-Union Symposium on the
Biological Effects of Electromagnetic Fields, held in PUlchino,
U.S.S.R., in 1982, are contained in Biololical Effecta of lon
ionizing Electromagnetic Radiation, v. 9, Dec. 1984: 1-73.

Pamphlet box*

Proceedings of the First International Heeting of Association for the
Biomedical Applications of Electromagnetism on Biological Effect.
and Therapeutic Applications of Electromagnetic Fields, held in
Venice, Feb. 23-25, 1985, are contained in Bioelectrocbeai.try
and Bioenergetics, v. 14, Nov. 1985: 3-244. QP341.B53

GOVEBh"MENT PUBLICATIONS

Biological effects of radio frequency radiation. Edited by Joe A. Elder
and Daniel F. Cahil. Research Triangle P.rk, N.C., Health Effect.
Research Laboratory, Office of Researcb and Development. u.s. En-
vironmental Agency, 1984. 268 p. Pamphlet box* and PB85-120848**
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Hankin, Norbert N. The radiofr.quency radiation environment: environ
mental expolure levell and iF radiation emitting source.. Washinaton.
Office of Radiation Progr... , Office of Air and Radiation, U.S. En-
vironaental Protection Aiency, July 1986. 83 p. Paaphlet box*

Bibliolraphy: p. 16-83.
"EPA 520/1-85-014."

United Stltel. Conar•••• BOUie. Co.-ittee on Science Ind Technology.
Subcommittee on Natural aelourc•• Ind Environment. Relearch on
health effects of nonionizing radiation: hearina ••• Ninety-lixth
Congress, firlt lession, July 12. 1979. Washington. U.S. Govt. Print.
Off., 1979. 457 p. KF27.S3981979g

"No. 70."
Iacludes bibliographical references.

United States. Con,re••• Houae. Committee on Science and T.chnology.
Subcommittee on Inve.tiaation. and Overai,ht. Potential health ef
fects of video display terzinals and rldio frequency heaters and
sealers: hearings ••• Ninety-seventh Congress, first ses.ion. Kay 12.
13, 1981. Washington, U.S. Covt. Print. Off., 1981. 764 p.

"No. 13." KF27.SJ975 1981c
Bibliography: p. 682-686.

United States. Conare.l. Senate. Committee on Commerce, Science, and
Traalportation. Microwave irradiation of the U.S. Embas.y in
Mo.cow: review of its hi.tory and studie. to determine whether
or not related health defect. were experienced by employees as
signed in the period, 1953-1977. Prepared at the request of Howard
W. Cannon, chairman, Ca.mittee on Ca-merce, Science, and Trans
portation, United States Senate. WI.hington. U.S. Govt. Print.
Off., 1979. 26 p. JX1706.AS8R88

"At head of title: 96th Congress. 1st session. Committee
print."

ABSTRACTING AND INDEXING SERVICES that index relevant journal articles and
other literature are listed below. Some terms are suggested as aids in
searching.

Abstract. on Health Effects of Environmental Pollutants (1972-)
RA565.A1A26*
See: Keyword of interest, e.g•• Electromagnetic (Field(s),

Frequency, etc.). Microwave (Exposure. Radiation, etc.)

Applied Science. TecbnololY Index (1913-) Z7913.17*
See: Electromagnetic Fields--Physiological Effect

Microwave.--Pbysiological Effect
Radio Wavea--Physiological Effect

Bioloaical Abstracts (1926-) QB301.B37* and Biological Abstractl/RiM
(1967-) Z53211.B672*
See: Keyword of interest. e.g. Electromagnetic (Field(s) Exposure.

Radiation. etc.). Extremely-Low-Frequency, ELF, Nonionizing
Radiation, Radiofrequency (Exposure, Radiation. etc.). RF
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BiolOlical & Agricultural Index (1916-) Z5073.A46*

See: Electromagnetic Wavee--Biololical Effect
Microwave8--Biological Effect

Environmental Periodicale Biblio.raphz (1972-) Z5863.E57E58*
See: Heading beginning Electromagnetic; Microwave; Radiation,

Nonionizing; Radiofrequency

Index Kedicul (1960-) Z6660.1422*
See: Electromagneticl

Microwaves
Radiation, Non-ionizing
Radio Waves

INIS Atomindex (1969-) Z7l44.N8I18*
See: Electromagnetic Radiation--Biological Radiation effects

Electro.agnetic ladiation--Doa. Limite
Electromagnetic Radiation--Radiation Protection
Long Wave Radiation
Microwave Radiation--Biological Effects
Microwave aadiation--Biological Radiation Effects
Microwave Radiation--Prenatal Irradiation
Microwave Radiation--Pulsed Irradiation
Microwave Radiation--Radiation Protection

Magazine Index 1976-)
See: Electromagnetic Fields

Electromagnetic Wavea--EDvironaental A.pects
Electromagnetic Wayee-~dical Uae
Electromagnetic Wavea--Phy.ioloaical Aspects
Microwaves--Enviroa.ental Aspect.
Microwave8-~edicalUse
Kicrowave.--Phyaiological Aapect.
Raclio Waves

Readera' Guide to Periodical Li~erature (1900-) AI3.R45
See: Electromagnetic Fields--Physiological Effects

Electromagnetic Therapy
Electromagnetic Wavea--Pbysiological Effects
Kicrowaves--Physiololical Effecta

JOua.ALS that often contain article. on physiological and health effectl
of electromagnetic radiation are

Bioelectroaaanetic. QP82.2.E43B53
Bioelectrocheailtry and bioenerietici QP34l.B53
Journal of bioelectricitz QP341.J66
Microwave newl (current iSBue. only in LM133)
ussa ae rt. Life Sciencel. Effect. of Nonioaicin Electro.. etic

.ad1atioD JPRS available in LM133 and LJ140A
YO! neva (review before binclina in LK133)
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llEPUSERTATIVE JOUllW. AlTICLES

Ade,. W. 1.
field••

Til.ue interaction. with nonionlzlng electromagnetic
Phy.ioloaical review. v. 61. 1981: 43S-514. QPl.P45

Bauchinger. K•• aDd other.. Analy.is of structural chromo.ome changes
and SCE after occupational lODa-tera exp08ure to electric and mag
netic field. from 380 tV-Iy.te-s. Radiation and environmental bio-
phy.ici. v. 19. 1981: 235-238. QKS05.AIB57

Blackman. c. r. Effect. of ELF (1-120 Hz) and modulated (50 Hz) IF
fielda on the efflux of calcium iona from brain tissue in vitro. Bio-
electromagnetic., v. 6, 1985: 1-11. QP82.2.E43853

Delgado. J. M. 1 •• and other.. Eabryological change. induced by weak,
extremely low frequency electromagnetic fields. Journal of anatomy.
v. 134. 1982: 533-551. QL801.J7

JUlte.en. Don R. Behavioral and psychological effectl of microwave
radiation. In New York Academy of Medicine. Bulletin, v. 55,
1980: 1058-T078. R15.N62

Lerner, Eric J. The drive to reculate electromagnetic field.. IEEE
.pectrum, 21, Mar. 1984: 63-70. !Kl.I15 and Pamphlet box*

Nord.trom. S., E. Birke,and L. Gu.tav.on. Reproductive hazards among
worker. at higb voltage-8ubstation.. Bioelectromagnetic., v. 4,
1983: 91-101. QP82.2.E43BS3

Wertbeiaer, Nancy, and Ed Leeper. POlsible effect. of electric
blankets and heater-waterbeda on fetal development. Bioelectro-
magnetic., v. 7, 1986: 13-22. QP82.2.E43B53

I!PORTS and other type. of literature are indexed in the following guides:

Government Report. Aanouncement•• Index (1946-) Z79l6.G78*
See: Electromagnetic Fields

Microwaves
Radiation Protection
Radiofrequency

Monthly Catalol of United State. Government Publications (1895-)
Z1223.A18*

See: Electromaaneti.m--Pbysiolocical Effect
Microwaves--Pby.ioloaica1 Effect
Microwaves--Psycbologlcal A.pect.
Radiation--Physiological Effect
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SELECTED TECHRICAL lE.OITS, .old by the National Technical Inforaation Ser
vice, Springfield, Virginia 22161, include the following:

Asse...ents and viewpoints on the biological and human health effecta
of extremely low frequency (ELF) electroaagnetic fieldl. Arlington,
Va., American Institute of Biological Sciences, May 1985. 461 p.

AD-A156 942**

Behavioral effect. of microwave radiation absorption. Editors, John C.
Monahan and John A. D'Andrea. Rockville, Md., Center for Device.
and aadiological Health, Food and Drug Administration, Aug. 1985.
173 p. (FDA85-823S) P886-113735**

Biological and human health effects of extre..ly low frequency electro
magnetic fields: pOlt-1977 literature review. Arlington, Va.,
American Institute of Biological Science., Mar. 1985. 327 p.

AD-A152 731**

Blackman, Carl F. Biological influences of low-frequency sinusoidal
electromagnetic signals alone and superimposed on RF carrier waves.
Re.earch Triangle Park, N.C •• Health Effects Re.earch Laboratory,
U.S. Environmental Protection Agency, Jan. 1985. 15 p.
(EPA/600/D-S5-010) PB85-161248**

Keltz, Martin L•• !!! Kathleen A••alker. Genetic effect. of micro
wave exposure on mammalian cell. in vitro: volume 1. San Antonio,
Tex., University of Texa. Health Science Center. June 1984. 39 p.
(USAFSAM-TR-84-22) AD-A145 946**

-
Meltz, Martin L •• Clifton R. aarris, and Xathleen A. Walker. Genetic-effects of .icrowave expo.ure on .....li.n cell. in vitro: volume 2.

S.n Antonio, Tex•• DUiver.ity of Texa. aealtb Scieace Ceater, OCt.
1984. 88 p. (USAFS~Tl-84-24) AD-A149 347**

O'Connor. Kary Ellen, and Robert Strattan. Teratogenic effects of
microwave radiation:--Tul••• Oklo. Departaent. of Psychology and
Electrical Engineering. University of Tulsa, Kay 1985. 42 p.
(EPA/600/1-85/007) PBS5-207462**

Raines. Jeremy K.
body: observed
Flight Center.
1981. 123 p.

Electromagnetic field interaction with the human
facta and theories. Creenbelt, Md •• Goddard Space
National Aeronautic. and Space Administration. Apr.
(NASA-eR-166661) 181-25668**

SILECTID MATERIALS available in the Science Reading Room pamphlet boxes
include:

Bibliography of reported biological, phenomena ('effectl') .nd clilnical
..aifestations attributed to .icrovave and radio-frequency radiatiion.
Compiled by Zorach R. Glaser. Bethesda, Md •• Naval Medical Research
Institute. National Naval Medical Center. 1971. 92 p.



Dodge, Chri.topber B. Video di.,lay terainals: the controver., about
health and .afety i ••u... Wa.bington, Congre••ional Relearcb Ser
vice, Library of Congr••~, 1984 (updated Jan. 30, 1985). 20 p.

Environaental Protection Alency. Federal radiatiion protection gui
dance: proposed alternative. for controlling public expo.ure to
radiofrequeacy radiatioD; notice of propo.ed recommendations.
Federal regi.ter, July 30, 1986: 27318-27339.

Cannon, 10bert. Electromagnetic pollution: are they zapping you?
Popular science, v. 223, Dec. 1983: 98-101. 176.

The health halard. of computerl: a guide to worrying intelligently.
Whole earth review, DO. 48, Fall 1985: 80-93.

Lerner. Eric J.
spectrum, v.

The drive to reculate electromagnetic fielda.
21, Mar. 1984: 63-70.

IEEE

MeAuliffe, Kathleen. The mind fields. Omni, v. 7, Feb. 1985: 41-42,
44, 96, 98. 100-104.

Miller, Morton W. and Gary E. Kaufman. High voltage overhead. Env
ironment, v. 20:-Jan./Feb. 1978: 6-15, 32-36.

Morgan, Cranger M. Risk research: when should we say "enough"? Sci
ence, v. 232. Kay 23, 1986: 917.

Nichol., Christina. Power towers: are high-voltage lines dangerouI?
Environmental action, v. 17, ~ay/June 1986: 26-27.

ADDITIONAL SOWCIS OF INFOIMATION

Center for Devices and Radiological Health
U.S. Food and Drug Administration
5600 Fishers Lane
Rockville, Maryland 20857
Telephone: (301) 443-4690

National Council on Radiation Protection and Measurement. (NeRP)
7910 Woodmont Ave., Suite 1016
Bethe.da. Maryland 20814
Telephone: (301) 657-2652

Office of Radiation Progr...
Office of Air and Radiation
u.S. Environmental Protection Alency
401 K. Street, S. W.
Waahington. D.C. 20460
Telephone: (202) 475-9605

Office of Spectrum Kanagement
National Telecommunication. and Information Administration
14th Street and Constitution Avenue, N.W.
Waahington, D.C. 20230
Telephone: (202) 377-1850
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Office of Radiation Programs Technical Publications
Nonionizing Radiation

Publications of the Office of Radiation Programs are available
from the National Technical Information Service (NTIS). Springfield.
VA 22161. Current prices should be obtained directly from NTIS
using the indicated NTIS Order number. Single copies of some of
the publications listed below may also be available without
charge from the Office of Radiation Programs (AW-461). 401 MSt ••
SW Washington. DC 20460.

EPA ORP/SID 72-3

EPA/ORP 73-2

EPA-520/2-73-00l

EPA-520/l-74-005

EPA-520/2-14-008

ORP/EAD 75-1

ORP/EAD-76-l

ORP/EAD-16-2

EPA-S20/2-16-008

ORP/EAD-71-2

ORP/EAD-77-3

Reference Data for Radiofrequency Emission
Hazard Analysis (NTIS Order No. PB 220 411)

Environmental Exposure to Nonionizing
Radiation. (Available- NTIS only. Order
No. PB 220 851)

Nonionizing Measurement Capabilities: State
and Federal Agencies (Available NTIS only.
Order No. PB 226 778/AS)

RF Pulse Spectral Measurements in the
Vicinity of Several ATC Radars (NTIS Order
No. PB 235 733)

An Evaluation of Satellite Communication
Systems as Sources of Environmental Micro
wave Radiation (NTIS Order No. PB 251 l38/AS)

An Analysis of Broadcast Radiation Levels
in Hawaii (NTIS Order No. PB 261 3l6/AS)

Radiation Characteristics of Traffic Radar
Systems (NTIS Order No. PB 257 011/AS)

A Measurement of RF Field Intensities in .
the Imaediate Vicinity of an FM Broadcast
St~tion Antenna (NTIS Order No. PB 251 698/AS)

An Examination of Electric Fields Under EHV
Overhead Power Transmission Lines (NTIS
Order No. PB 210.613/AS)

An Investigation of Broadcast Radiation
Intensities at Mt. Wilson. California
(NTIS Order No. PB 275 040/AS)

An Analysis of Radar Exposure in the San
Francisco Area (NTIS Order No. PB 273 188/AS)


